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1.0 SUMMARY 

A software framework called Digital Representati on Environment fo r Analysis o f 

Microstructure (DREAMJD) has been created tha t a llows a user to reconstruc t three­

dimensional materials data into a voxcl representation where fun her stati stica l analysis can be 

applied to the data resulting in new insights into the internal s tructure of a material. In addition 

to the new software framework can generate synthetic microstructures that mimic a range o f 

important material groups to the Air Force including poly-crystal metal s. ceramics and 

co mposites. These synthetic structures can he used in microstructure imulati ons involving 

Finite E lement Method algorithms. data acqui sition sensitivity studi es and linking material 

properties to material structure. T he software is s imple and easy to usc due to its Graphica l U. cr 

Interface and allow the user to easily share their ana lysis with others using DRl ~AMJD through 

a common file format. The so ftware framework util izes the HD F5 fil e format to store all input 

and processed data. HDF5 is an open-source fi le format that is designed for hi gh performance 

and full data description so that every HDF5 fi le ha a full description of the data stored in the 

file itself and can he queried as needed. Fina ll y the DREAM 3D software itself is o pen-source 

and anyone can download. use and extend DR.EAMJD by visiting the home website at 

dream3d.bluequartz. net. 
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2.0 INTRODUCTION 

In the last four years there has been a large push in the material s science community to util ize 
computational materi als science in more and more areas. This push is referred to ICME or 
Integrated Computational Materials Science and this paradigm shift is starting to take hold in the 
various laboratories worldwide. But with every new shift comes issues that the originators had 
never considered and one that stands out is the " Integrated" in ICME. From the originators of 
ICME's ideas was that a ll the computational codes could communicate between each other easily 
and thus the '·Integrated"' would be sati sfied. nfortunately in the research world new computer 
codes rarely are able to commurucate with other codes due to di fferences in input and output fi le 
formats, computer architectures or communicati ons protocoJs. Codes that are ini tial ly created 
during a single research grant period such as a contract or a PhD di sse rtation typically are a 
" proo f- of-concept" code base that can onl y read a single set of inputs and are not designed with 
robustness or flexibil ity in mind. To make maners even worse the documentation is lacking and 
the human-computer interface is substandard at best. All of these combine to ensure that the 
codes are never able to be used easily by other researchers who may in fact be interested in the 
algorithms being used. What is needed is a software framework that acts as an umbrel la that 
allows a ll of these disparate codes to communicate seamlessly with each other so that new any 
new algorithms can build upon algorithms that have been proven in both research and 
commercial settings. Th is same software umbrella framework would allow the various 
a lgorithms to be combined into series of operations collectively referred to as a pipeli ne where 
the operations are know as filters and each filter is aware of a common data structure and can 
thus communicate, or talk , to the other algorithms. The new software framework would be 
easily accessible to any researcher who wanted to simply use the algorithms for their own 
research or add to the software framework new algorithms that they want to share with the rest or 
the community. To thi s end the current contract' s answer to this problem is the DREAM3D 
software environment. 
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3.0 METHODS, ASSUMPTIONS, AND PROCEDURES 

3.J DREAM3D 

DR.EA M3D stands for the Digital Representation Environment for Analysis o f Microstructure in 
30 and is the culmination of 3 years o f development work to integrate a wide range of individual 
software tools into a single cohesive software package that is usable by the every-day materials 
scienti st. DREAM3D's mai n capabil ities are the reconstruction of EBSD (Electron BackScatter 
Di ffraction) data into a 3 dimensional representation that can simply be visualized for a greater 
understanding of the material or analyzed with a range of stati stical methods to quanti fy the 
microstructure in order to link material propertic to a specific type of microstructure. Another 
capability of DREAM3 D is to generate a purely synthetic microstructure based on stati stics. 
Those statistics can e ithe r be derived from real data or created through an anci llary program 
called ·'StatsGenerator." Once these J D structures. or models. arc created using DREAM3 D 
the user can now export the model into a data fo rmat suitable for use in any number of Finite 
Element Methods (FEM) simulations for such things as shocked materials, s imulated heat stress 
experiments or simple mechani cal loading simulations. Each type of analysis gives the materials 
scient ist a deeper understanding o f the link between a material" s properties and its 
microstructure. 

3.2 Software Development Practices 

During the development of DRE/\M3 D best practices for compute r software development were 
employed where possible. These best practices are industry standard ideas that have been 
developed and refined over the last 20 years in the software engineeri ng domain. Practices such 
as having a centra l locati on to store the source codes, a system to control and track each revision 
to the so ftware, creating small targeted programs called '·Unjt Tests" that al low changes to the 
software to be checked against known standards and using accepted documentation practices 
were all used during the development of0REAM3D. Once a stable version ofDRJ::/\M3D has 
occurred precompiled bina ri es fo r Microsoft Windows, Apple OS X and Linux were posted to 
the DREAM3 D website located at http ://drearn3d.bluequartz. net and hosted hy the contracto r. In 
addition a collection of interested users was co llected and these users were sent brief messages 
informing them of the new release. 

3.2.1 Source Code Repository 

During the development of computer so ftware where multiple programmers a re in volved tool s 
that allow each engineer to rapidly make changes to the project are invaluable. For this reason a 
source code repository was created where each programmer can both get the latest versions of 
the source code files and deposit their own changes. The particular protocol decided upon by the 
DREAM 3d team was "Git"' as it has a good balance of ease of use, cross platform usc and 
powerful tracking ab ilities. Programmers were encouraged to " push'" their code to the repository 
where it is "merged" with everyone else' s changes. When the programmer needs an up-to-date 
version they can simply ·'pull"' the changes from the central Lntemct based server o nto their local 
workstations. This workflow where one pu lls, merges and then pushes is a standardized 
workflow in today·s software engineering domain and enables those writing oftware tools to 
easily collaborate with other programmers around the world. In order to make the software 
codes developed under thi s contrac t easily accessible a server was provisioned that serves as a 
central location to store the source code repository. Registered developers can access the 
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repositories for reading and writing through the ccure hell ( ' SH) protocol. The source code 
repository is in this respect ·pri vate' to just the DREAM3D developers and an,one el c that 
meets the proper criteria and has a ked for acccs to the repository. 

3.2.2 External Libraries Need ed for DREAM3D 

In the spirit of reusing codes that are already in existence and to speed the deve lopment cycle, 
DREA M3D leverages several open source libraries that contain reusable components that allow 
DRJ ~!\M3D to be deployed on all the industry standard desktop class operating system and also 
allow a mo re rapid development and revision cycle . 

3.2 .3 CMake 

C Make is used to describe how the various oftware components are compiled together and i 
able to generate conligurati on file fo r a large number or popular devdopment envi ronments 
including Visual Studio for Micro oft Windows. Xcode fo r Apple's OS X and Makefiles for 
ty pical Linux installations. 

3 .2.4 Boost 

Boost is an open-source software library that has many reusable C+- components. Jn this 
instance we are using Boost for low-level C++ object memory management and error detection. 

3.2 .5 l.ntcl Threading Building Blocks (TBB) 

TBB is used by software developers to create versions of their codes that can be executed in 
parallel on multiple CPUs or CPU cores. The TBB library is open-so urce and is mainly backed 
by the Intel Corporation and is quickly becoming a standard in the software-programming 
domain. 

3.2.6 Qt 

The Qt software framework is an open-source software development framework that ha · 
successfull y abstracted the need to write platform specific o ftware code. This allows a sing le 
developer to target the three main operating systems in use today without any major code 
changes for each platform. 

3.2 .7 Qwt 

Qwt is a 20 plott ing software library that uses the Qt framework as its drawing canvas making 
the use ofQwt a natural fit for applications that present a GU I created with the Qt software 
framework. 

3.2.8 F: igen 

Eigen is a Matrix and Array manipulation and linear algebra software package. Because the 
code is based on C++ s tructures and not the typica l I'ORTRA · language th is allows Eigen to be 
more easil y used on cross platform projects. 

3.2.9 DOxygcn 

Doxygen is used to document ource code by enumerating code comments with special markers 
that the Doxygen par er can find easily. The programmer has the abi lity to select what types of 
output to be produced from LaTeX, HTML or Rich Tex t format (RTF). Doxygen was used to 
document as much of the source and filters as possible. 
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3.2.10 System Requirements 

All the applications developed under this contract work on the vast majority of desktop 
(;Omputer induding computers designated a ·'Workstations." The limiting fac tor for running 
the application is that the computer has enough memory avail able to process the input data. 

Table 1. General System Requirements 

Operating System 

Apple OS X OS X version I 0.6.8. 64 Bit. Intel Arch 

Microsoft Window XP(sp3). Vi ta. 7. 8. 32/64 Bit. Intel Arch 

Linux Red Hat Linux Version 6. 64 Bit. Intel J\rch 
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4.0 RESULTS AND OISCUSSIO~S 

In the current incarnation DRF.AM3D focuse on the processing of orientation data collected 
from various manu facturer instrument and generation of ynthctic microstructures. This focus 
was a design dcc i io n so that the programmer could concentrate on creating solid algorithm for 
processi ng data instead of trying to rei nvent a 3D viewer. For visualization dut ies the user is 
encouraged to uti li ze the free Para View oftware available from http://www.paraview.org. At 
current count there are approximately 11 8 processing fil ters that arc included in DREAM3D that 
gives the user a wide range of processing choice and fa ll into the fol lowing general categories. 

• Reconstruction of Orientat ion Data 
• Calculating Statistic. on the rccon tructcd structure 
• Generati ng a synthetic micro tructurc 
• Generating a surface mesh uitablc for u c in simulation codes 

4.1 Data Representation 

DREAM3 D u c a data structure that i ba. cd on the concepts of combinatorial topology and 
comm on methods for descri bing mesh structure . Any topological network (in 2- or 3-D) can be 
described with a the fo llowing hierarchy: 

If the mesh (or network) is 2-D. then the volume clement docs not exist and the face clement is 
the hi ghest- level element. For typical voxcl -bascd data, the voxels arc the Vo lume clements and 
arc referred to with in DREA M3D as cells. Similarly. in a surface mesh with triangular patches, 
the triangles arc the face elements and arc referred to w ithin DRE/\M3D as faces. Thi · topology 
is required to de cribe the '·mesh"' or "Structure·· of the data itse lf and i noUcannot he 
adj usted/de fi ned by the user. 

However. once the topology of the .. tructurc·· i ct. the u cr can begin grouping topo logical 
clements into higher-leve l featu res of the--. tructure.'· Be low is an example of this grouping for a 
voxel-based dataset of a polycrysta ll inc metal. 
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Vertex 
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Figure 1. DREAM3D Hierarchy of Topology 

DRE/\MJD uses two additional levels above the topological level s required to define the 
' ·structure" of the data. These two levels are called: field and ensemble. These levels allow the 
user to group topological elements together ba ed on criteria of s imilarity. For the example 
above. the cell's arc grouped to identify fields (i.e. grains) by applying a criterion of s imilar 
cry tal lographic orientat ion (i.e. neighboring cells with similar orientation arc said to belong to 
the same field). The fie lds arc then grouped to identify ensembles by a c riterion of similar phase 
(i .e . all grains of the same phase in the dataset arc said to belong to the same ensemble). The 
grouping criteria are at the di scretion of the user, because the e additional levels arc not required 
for description of the "structure." but rather are organizational levels for de cribing the 
information that lives on the '·structure .. , 

At each level, DREAMJD creates a map to store information/data about the individual clements 
at that level. Additional information about the maps of the DREAMJD data structure and 
' ·typical" data arc given below: 
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"J J I 

J 
lJ Cell Data 
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__ __, __ -
~--

J 

Ensemble Data 
ls 

( l OOs -l,OOOs off le lds) 

Figure 2. DREAM3D Inte rnal Da ta Structures a nd O rganization 

4.1.1 Vertex 

- Map o f attributes associated with s ingle points. 

-Measured values (i.e. Orientation. Chemistry. Gray scale, etc.)- generally measured data is 
not reprc cntcd at the vertex level, but the u er could choose to store measured values at the 
venice rathe r than the mo re typical ce ll-centered convention. 

-Calculated values (i.e. Curvatures, Coordination, etc.) - the e calculated value a re typica lly 
va lue associated wiLh the connectivity or geometry of the " mesh .. or ·'structure·• itself. 

4.1.2 Edge 

- Map of attributes associated with edges of face . 

- Measured values - data is not typically measured at the edge level. 

- Calculated values (i.e. Curvatures. Coordination. etc.)- these calculated values are typically 
values associated with the connectivity or geometry o f the ·'mesh" o r ·• tructure ., itself. 

4. 1.3 Face 

- Map of att ri butes associated with surface patches. 

- Measured values- data is not typically measured at the face leve l. 

-Calculated values (i.e. Bounding Field Ids, ormals. Curvature. etc .) - these calculated values 
a re typically IDs to the higher level maps (field and en emble). re lated to gradients of the 
measured values, values associated with the connecti vity or geometry of the '·mesh" or 
·' structure•· itself or relationsh ips to values calculated in the higher level maps. 



9 
Approved for public release (PA); distribution unlimited.

4.1.4 Cell 

- Map o f attributes associated with s ingle da ta points - often these data points are not truly 
volumes, but rathe r point-probe measurements that are homogeni zed over the volume neare t 
to each probe-po int. 

-Measured values (i.e. Orientation, Chemistry. Gray scale. etc .)- typically thi s is the leve l at 
which most data is actually acquired . 

- Calcul ated values (i.e. Field Ids, Kernel Avg. Misorientat ion, t:uc lidcan Distance, etc.) - these 
calculated values are typically m. to the higher level maps (fie ld and ensemble), related to 
gradient of the measured values or re lationships to values calculated in the higher level maps. 

4.1.5 Field 

-Map of attributes assoc iated with sets of data points - general ly e lements in thi s map arc sets 
of contiguo us cells that have some aspect of s imilarity, often in their measured values (i.e . 
orientation, chemistry. gray seal<.:. etc.). 

-Measured values (i.e. Avg. trc e . 1\vg. Stra ins, etc.) - some measurement techniques are 
capable of measuring values averaged over an entire fi eld (i.e . I ligh Energy Di ffraction 
\tt icro copy) . 

- Calcula ted values (i.e . Avg. Ori entation, ize, Shape. );o. Of eighbors. etc.) - Generall y 
there is little measured data at thi s level and these val ues are ca lculated from averaging the 
measured data from the cells that constitute each fi eld or geometri cally describing the tze 
and/or shape of the set of ce lls. 

4.1.6 Ensemble 

- Map of attributes associated with sets of field s. 

- Measured/ 'ct values (i.e. Crystal Structure, Phase Type. etc.) - measured values at the 
ensemble level are usuall y user-defi ned parameters during the data collection or durin g 
analysis within DREAMJ D. 

- Calculated values (i.e. Size Distribution, No. Of Fie lds, ODF. etc.) - These val ues are typ icall y 
descriptions o fthe distributi on of values from the lower level field map. 

4.2 DREAM3D Data Outputs 

DR.EAM3D is capable of crea ting fi les for many different uses including analysis, visua lization 
and archiving. During any DREA M3D session the user can select to save their processed data to 
an I-IDF5 based fi le format that will store a ll data that is currently resident in memory. I IDF5 
was built fo r extremely large data sets to archive data generated on High Perfo rmance 
Computing (HPC) systems. I IDF5 is open-source ensuring that da ta gene rated is a lways 
available to the user. If the user wishes to plot various stat istics DREAM 3D can output 
compatible tabular types o f fi les that modern statistical analysis and plott ing packages arc 
capable o f reading. And finally if the user wishes to visualize the origina l and/or processed data 
D REAMJ D can create fil es fo r products such as the free Para View or the commercial Avizo Fire 
data v isualization programs. 
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4.3 Extending DREAM3D 

As more features have been added to DRJ::.AMJ D experts in the domain of 3D materials science 
have started di scussions regarding how to integrate the ir own computer codes into DREAMJD. 
Being consc ious tha t not every organization is in a position to re lease their intellectual property, 
a novel plugin system has also been incorporated into DREJ\MJD tha t wou ld allow an 
organization to build on the core of DR.EJ\MJ D with their own proprieta ry software models, 
simulations and fi lte rs. For those scientists that have the necessary programming ski ll s 
DREAMJD can be extended through the direct addition of filters into the core of DREAMJ 0 o r 
by creating their own co llection o f fil ters that arc grouped into an extra library called a plugin . 
T hese options can cover a wide range o f pos ibili ti es for organizati ons wanting to extend 
DREAM J D and due to the use of a non-vi ral open-source license fo r DREJ\MJ D this is entirely 
possible. The following are just two possible scenarios that the plugin ystem creates. 

4.3.1 Proprietary Algorithms 

One pas iblc scenario is that a gro up wou ld like to leverage DREAM J D fo r its base set of filters 
but add their own processing algorithms into DREAMJ D but not have to re lease either the 
source code for the algorithms or the actual binary plugin itself. l3y u ing DREAMJ D' s plugi n 
system thi s is entirely possible a the group can gain access to the complete source code fo r 
DREAMJD and compile and di tribute within their organization their own custom vers io n of 
DREAMJD. 

4.3.2 Monetizing DREAM30 

Another scenario for extending DREAMJ D would sec custom processing filters being created as 
plugins for DREAMJ D and so ld through various means to those organizati ons needing the 
seller" s algorithms. 
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5.0 CONCLUSIONS 

Over the last few years as DREAMJD matured into an easily usable application. It has gained a 
foothold in the 3D microstructure reconstruction and modeling domains and is poised to become 
a driving force in the materials community by offering quality data analysis and models at a 
tremendous low cost to the user. Establisrung tills early adopter user base by influential 
researchers in the field is an important resul t of this work. Their recommendations concerning 
wruch computational tools to usc reverberate through the industry and help to establish 
DREAM3D as a viable research and development platform for many in the materials science 
community. 

5.1 Accelerating Research in 3D Materials Science 

By offering a free to use, quality software package for the reconstruction and analysis of 3D 
materials data DREAM3D can accelerate research in those areas typically s lowed down by 
custom software solutions. For example in the past when a researcher was given a 3D EBSD 
data set they would have to manipulate the files there were given into more efficient data 
structures through custom written software. Writing and debugging tills software can steal time 
away from the actual research that needs to be performed. By using DREAM3D for these basic 
reconstructions and manipulations the research can quickly transform the data set into something 
immediately useful withln minutes instead of having to wait months for a custom and often non­
robust software tool to be written. This compression of time will in effect accelerate their 
research as they now have more time available for the actual research instead of writing file 
parsers, alignment routines and segmentation routines. Table 2 detai Is a small portion of the 
known users of DREAM 3D from around the world . 

Table 2. Current Users of DREAM3D 

Air Force Research Laboratory Army Research Laboratory 

Carnegie Mellon University Purdue University 

Los Alamos N ational Lab Lawrence Livermore N ational Lab 

"t\ a val Research Labs Argonne National Lab 

GE Global Research Sandia National Lab 

Universite de Lorraine, Metz France Uni versity of California, Santa Barbara 

Idaho National Lab University of Manchester 

NASA Cornell University 

University of Michigan King Abdulla Univer ity ofTechnolog 

In addition to the wide range of users worldwide the internet home page for DREAM3D 
a erages about 600 unique visitors per month and the software has been downloaded more than 
2000 times. 
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5.2 Presentations and Workshops 

The following is a list of presentations and workshop that the con tractor has directl y been 
involved in creating and present ing on the DREAM3D software. 

20 I 0 MRSEC Workshop on 30 Mate rials cience, Carnegie Mellon University. Pittsburg Pa 

20 11 MRSEC Workshop on 30 Materials Science, Carnegie Mellon University, Pittsburg Pa 

20 13 MRSEC Workshop on 30 Materials Science, Carnegie Mellon University, Pittsburg Pa 

20 11 TMS Annual Meeting, San Diego Ca. Using DREAM3D 

20 12 lrst Annual TMS Conference on 30 Materials Science 

201 3 TMS Annual Meet ing. San Antonio Tx. Overview of DREAM3D' s capabilities 

2013 2 Day DREAM3D workshop for AfRL partic ipants 
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6.0 RECOMMEN DATIONS 

While DREAM3D has a solid core o f al gorithm to deal with d igital microstructures, that initial 
data will most like ly have come from an Ef3 D data source or data source that gene ra tes 
orientation angle data types. Materials scientists o ften utilize other data modalities such as di rect 
optical imaging of the microstructure where the ·'data" is actually a picture or image. This image 
data is usual ly sto red in some industry standard format such as Tif or P G. Currently 
DREJ\M30 does not have the processing a lgorithms to handle this image data well and the 
developers are looking into the most e ffic ient way to be able to process this type of data. One 
possi ble solution would be to introduce anothe r library that does the image process ing a lready 
and simply have DREJ\M30 act as a da ta stagi ng level and then pass the image data to this new 
library. Ideall y the library would be o pen-source with a compatible open-source license. There 
arc a number of cand idates that were investigated late in the development of DREAM30 which 
were the " Image Processing Too lkit' . (fTK) and the "Open Computer Vision'· (OpenCV) 
sofiware library. Both have a large number o f image processing routi ne that could be made 
available to DREJ\M3D use r . 

Another issue that needs to be addressed is the long-term maintenance of DR.EAM3D. The 
source codes are a ll open-source but a more suitable neutral host ing locat ion needs to be fo und 
so that any organization can download the code if they wish to use o r expand them. Having this 
tru ly open-source location where anyone can get the sources without fi rst hav ing to go through 
the current developers for access should he lp further accelerate the development and usage of 
DREJ\M3D. The current deve lo pers a lso rece ive help requests and feat ure requests through the 
DREJ\M3D web site whi ch will need to transitio n to a more crowd friend ly solution such as a 
publ ic mai ling list or group forum hosted on the Internet. J\1 1 of these items add to the maturity 
and user base of DREAM 3 0 ensure its continued development and success. 
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APPENDIX A: DREAMJD USER MANUAL 
Overview of the User Interface 

As shown in Figure A-I DREAM3D has 4 main areas of its user interface 

I The Filter Library 

2. The Filter List 

3 The Errors Tab 

4. The Pipeline Area 

• Alttr U brvy 
... . c.n.ric 
... . 10 
• 6 lrNgelmport 
10 6 Processing 

1> 6 R.ec.on stNction 

., 6 SMT!pling 1 

., StAtistics 
• 6 SurfaceMeshing 
1> 6 Synthetld ulld lng 

• ! Pr•bullt Pipelines 
..,· Ebsd 30 Reconstruc .. 
.., StAtistics 
,., • Synthetlc(Single Ph a. .. 
..,· Sy nthetlc(PrtiNry + 
Favorite Pipe lines 

Fllttr NMM 

DREAMiO 

Search 

• Add lad Dill 
6 Add Or .. ntauon Noise 
& Align Se<:tions (Feature Centroid) 

.6 Align Sectlons (Feature) 
& Align Sections (Ust) 

6 Align Sections (Mtsorlentallonl 

.& Align Sections CMutu&llntormatJon) 

6 Avlzo Rectllln~rdlnate Writer 
6 Avlzo Unifo rm rd lnate Wr1ter 

6 Cl'lange Rtsol n 
6 Clear Da.ta 
6 Convert Euler Angles 

6 Convert Hexagonal Grid Data to Squ; 
6 COnvert Nodes & Tnangles To Sn Fl 
6 Convert Nodes & Triangles To Vtk 

6 Create Cell A"ay From Field Array 

& Crop Volume 

A Delete Arrays 

3 
Go 

4 

FiKu re A-1. Four Main Areas of DREAMJ D User Inte rface 

T he Filte r Library 

This area ofthe user interface is broken into 3 basic groups. _Filter Library_, _Prebuilt 
Pipelines_ and _Favori te Pipelines_ The _Filter Library_ ection contains the various groups 
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that the filters are organized into. The user can click a specific group and just the filters 
associated with that group will be di splayed in the _Filter Li t_ area of the user interface 

Prebuilt Pipelines 

DREAMJ D provides several _Prebuilt Pipelines_ that can aid the new user in getting started 
with DREAMJD. Simply double cliclcing a preset will clear any current filters in the pipeline 
area and populate the pipel ine area with the filters from the Pipeline Preset. 

Favorite Pipelines 

After the user builds a pipeline that they may want to save for later the user can use the 
_Pipeline_ menu and select the " Add Favorite" menu to save that specific pipeline configuration. 
If at a future point in time the user wants to remove the favorite from the _Fa orites_ list they 
user can select from the "Add Favorite" menu and choose • Remove Favorite• to remove it from 
the list. 

Pipeline 

Add Favorite XF 
Remove Favorite il'XF 

Clear .. 
Figure A-2. Pipeline Menu 

Filter List 

This section lists the filters that are associated with a specific group that is selected in the _Filter 
Library_ area. If the _Filter Library_ is itself selected then all filters will be shown in this list. 
The user typicaJiy will select a filter from this list and drag it over to the pipeline area. 

Errors & Warnings Tab 

This area displays any errors and/or warnings associated with the filter if it is acuvel being used 
in a pipeline The display of the errors can be toggled on and off by pressing the appropriate 
buttons. Also clicking the"?" icon will display all of the help (including filter reference, 
tutorial s and user manual) in the users default web browser 

Creating a Pipeline 

In DREAM 3D the user processes their data by creating what is known as a _Pipeline_ which is 
constructed out of a series of _Filters_ By chaimng together a series of filters the data is 
processed in quick succession and can ultimately be saved to a number of different file fonnats. 
The user should be aware that all processing on the data is done in place, i.e., there is only a 
single copy of the data resident in memory at any one time. 

Building a Pipeline 

In order the build a pipeline the user can either double click on a parti cular filter or drag the filter 
from the Filter List into the Pipeli11e Area. 
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P. 
oa ... 

• Search 

6 Add ~d O;ua • 
6 Add Orrentation Noise 
.& Align Sections (future Centro! 
& Align Sections (future) 
& Align Sect1ons (Ustl 

All9fl Sealons <Misonentatlonl 
.& Align Sections (Mutuallnforma 
• AVIZO Rectil lnU/ Coordinate W 
6 AVIZO Uniform Coordinate W 
& Change Resolution 
6 Clear O.a~ 
6 Convert Euler Angles 
6 Convert Huagon.al Grid Oat.a t 
-,...JJJ~~IWD•< A. Tr"'nn~ c Tn • ,. 

...... ElTon I Wamln~s 

lisorientation) Filter • 
0 

red AmM 1 Created Aaavs 1 ~ 

>nseaJt.rve senal sectJons by determmlng • . 

DREAM 3D 

Figure A-3. Empty Pipeline Area 

The user can place multiple filters into the pipeline to generate a workflow of data input, analysis 
and data output filters. The user can reorder the filters by sim ply using drag-and-drop of a 
selected filter in the pipel ine and moving it into a new position in the pipeline As filters are 
placed into the pipeline a basic error checking algorithm called the Preflight is executed on the 
entire pipeline. Duri ng the preflight stage the pipeli ne will have each filter check its input 
parameters and the avai lability of required data arrays Figure A-4 shows a pipeline ready to 
execute with no errors. 
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UKt..AMjU 

Use Reference Slice l!1 
Reference Slice 0 

Minimum Allowtd Cr&ln Size (Pixels) 12 

Cra.ln Ids Arr~ Name CrAinlcb ---
c.JI Phase Ar~ N.me Phases 

Fi&ure A-4. Correctly Populated Pipeline 

..,. • rs ..... z 1 Sd ... _ 0 .. 

'CII k MisorlentalioJ1 Tolerance (~rHs) S c to remove filter 

: 

Figure A-5. ~lected Filter in the Pipeline & How to Remove the Filter 
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To remove a filter from the pipeline the user can simply use the mouse to click the small "X" 
(Figure A-5) icon in the upper left comer of the filter. 

If the preflight did not complete successfuJly the user will see the offending filters show a red 
outline and red title area. This indicates that one or more of the input parameters have an error or 
the filter requires data that will not be available at that point in the pipeline By looking at the 
error table the user can read the error message from the pipeline and act accordingl y. An 
example pipeline with errors is shown in Figure A-6. 

,. - .)!Ufl····~·'""" 
• .. Sotnthelldulldlng 

• f!. ,.built l'!peliMI 
a..l JO ----. .. 

• • Sutbtlu 
- ~(Single ...... 

.. S.,.tloetk(Pti ""'"' + 
'- F-,.pelln .. 

--. u 

.,..._,___,..,... .... -,__ lnw-
M ...... _...._ ... tM ~---- ,.,.. ' ... _ 
CAIIliiD ............. - a.let. 

1 s.e-ClaiM IMI_..,!Doft) II _.,..,_ dolt,._ .. -. 

/1#1_ .. _...._. .... ... 

2 CAIIlllla .......... - .... . .. ...., ... ,till ......... -. 

w · 

·--.. _ 

Min- AHow.d GRin Sin (flluls) 1.2 

c;.w.. Ida Mw¥- ~ 

Call .... ,.,., "-1111 I CoociVoooelo 

Flelll ,..... "'""' ..._ ...... : 

Figure A-6. Er rors in the Constructed Pipeline 

Once the errors are resolved the user can now execute the pipeline and generate the outputs. 
Because the DREAMJD native file format stores the complete state of the data arrays the user 
can use this idea to add checkpomts to the pipeline in the case of a long running pipeline 

. , 
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• 3,.,s,,,,. "II,,. 5• 

Error Oescrip on Error Code 

Show Help 

Toggle The Errors/Warnings Area 

' ' . Co ) 

Figure A-7. Errors & Warnings Area 

Pioeline Area 

This area is where the user will construct their pipeline by either double clicking on a filter in the 
filter li st area or dragging a fi lter from the filter list and dropping the fi lter into the pipeline area. 
Filters in this section can be rearranged by si mpl y draggi ng the filter into a new location. As the 
user updates the pipeline a process called the Prenigbt will be executed to make sure that the 
pipeline will have all the necessary data available during the actual execution of the processing 
pipeline. 



21 
Approved for public release (PA); distribution unlimited.

~ WltrAnQits ~ toqter~aiNimt! 

Fft 

~ I~Qual1ty 

~ I'Nsts 

SEM Slgft&l 

ra.-• I O,IWI J 

Output Arrfl'/ Name CoodVo•els 

Sele<t ~ to Threshold 

roeld flhRr v-.c 

Image Quality > 120 

Confidence Index > 0.1 

•• 
'n. - ~-=il -

· ... 
Use Ref.rence Sllu ~ 

-
Re'-'-nce Sllu o 

ro 'C: 

Misorientation Toleranc. «>-greea) 5 

~ . ... _ 
I( "-'--• Oi...ctlon 0 

., ...,.,..,.. Oirettlon 0 

z..,..._..,..._._ I 

·-· -·---- Wnte vo .. l Data ~ 
Wrtte S..rlALeNeN'o Data 

Wrtte Xdmf Ale OCML wr..._., ~ 
()wqlut,.. I 1 rnp/ arnall_•n 1 00_ full_u a h . d .-.am l d s- i.L I 

- --
Figure A-8. Pipeline Area Populated with Filters 

Import, Export & Favorite Pipelines 

DREAM3D has the feature that will allow the user to save their pipelines to an external text file 
on the file system of the computer they are currently using This facilitates easy exchange of 
pipel ines between collaborators 
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Saving and Loading a Predefined Pipeline 

DREAM3D allows the user to Export and Import pipelines via the File menu and the Save 
Pipeline and Open Pipeline menu items. The pipeline files are saved in the .ini file fonnat 
popular among many other programs. This file fonnat is a simple text file with delineated 
sections with Key:: Value entries. This makes the sharing of Pipelines mostly transparent 
between users. lf a pipeline has filters that require files to be read from or written to and the 
pipeline file is passed to another user that does not have those same paths then the new user may 
have to make the adjustments inside of DREAM3D after the pipeline is loaded. 

Ill 
Open Pipeline XO 
Save Pipeline XS 

Recent Files ' • .. 
Figure A-9. File Menu 

The foll owing is a partial listing of a 3D EBSD reconstruction pipeline saved as a pipeline file: 

[PipelineBui lder] 

Number Filters= IS 

[0] 

Filter Name=ReadHS Ebsd 

lnputFile=!Users/Shared/Data/ Ang_ Data/Small_ IN 100 _ Output/S mali_IN 1 OO.h5ebsd 

ZStart lndex= 1 

ZEndlndex= 117 

UseTransfonnations=false 

ArraySelections_ Voxe1Cell\size=4 

ArraySelections_ VoxeiCell\1 \VoxelCell=Confidence Index 

Array Selections_ VoxelCell\2\ VoxeiCeli=EulerAngles 

ArraySelections_ VoxelCell \3\VoxelCell= lmage Qual ity 

ArraySelections_ VoxeiCell\4\VoxeiCeli=Phases 

ArraySelections_ VoxelField\size=O 

ArraySelections_ Voxe1Ensemble\size=2 

ArraySelections _ Voxel Ensemble\ I\ VoxelEnsemble=Crystal Structures 

ArraySelections_ VoxeiEnsemble\2\VoxelEnsemble=MaterialName 
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:\ rravSelections Surface~1 eshPo i nt\si ze=O . -
ArravSelections SurfaccMeshf-acc\size=O . -

Arra~·Sel ections _ Surface:\1eshEdge\size=O 

ArravSelections Sol idt-.1eshPoi nt\si ze=-=0 . -

Arra\'Selections SolidMesh Face\size=O . -

A rravSelec tions Sol idl\1eshEnsemble\sizc=O . -

II] 

Filter Name=MultiThresholdCells 

OutputArra~'Name=GoodVoxel s 

(' ompari son lnputs\si ze= 2 

Comparisonln pu t s\ 1 \Arra~' ame=lmage Quali ty 

Comparison Inputs\! \CompOperator= I 

C ompa ri son lnput s\ I \Comp\' alue= 120 

Com pari sonlnputs\2\A rray ame=C onfi dence Index 

Comparison lnputs\2\CompOperator= I 

Compari son lnputs\2\Comp Value---=-0 I 0000000 I ~00 I 16 

f2] 

Filter_ Namc=ldemifySamplc 

r -'l 
Fil ter 1\ame= Ali gnSecti onsFeatureCent roid 

UseReferenceSiice-=true 

ReferenceS! ice=O 

Crearing a Favorire Pipeline 

If the user creates a pipeline that the~- intend to use se' eral times then they may want to sa,·e the 
pipel ine to the /-ui'IJf'/ll's area L1sing the Pipeline menu and selecting the Add Favorile can 
accompli sh adding the currem pipeline to the Fa,·orit es li st If the user ''ants to remo,·e a 
fa,·ori te at any time the~- simp! ~- need to select the Remow Fa\'orire menu item 
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Pipeline 

Add Favorite . ~ XF 
Remove Favorite 

Clear .. 
Figure A-10. Pipeline Menu 

Clearing the Pioeline 

As a convenience for those situations where the user has created a large pipeline and they would 
like to delete every filter from the pipeline the Pipeline Menu also has a menu item to remove 
every filter from a pipeline and an associated keyboard shon cut. 

Native DREAM3D File Format 

!!!ill 
DREAM3D uses the [HDF5](http://www.hdfgroup.org) as its native file format. HDF5 stores 
data in a hierarchicaJ format with complete descriptors for the data stored in the file . HDF5 is 
open-source and a number of tools exist that allow a user to view and manipulate HDF5 data 
files. Once such tool is the free HDFView (http://www.hdfgroup.org/hdf-java­
html/hdfviewli ndex.html#download_hdfview) from "The HDF Group" which is a java-based 
program that can view and edit HDF5 data files. 

Each array is stored as an individuaJ data set in HDF5 under one of severaJ different types of 
DalaComainer storage groups. 

• Voxel DataContainer 
• SurfaceMesh DataContainer 
• SolidMesh DataContainer 

Depending on the type of data created the actual data array that a user may be interested in may 
be stored in various subgroups in the HDF5 file . For example with a Voxel Data Container there 
are three types of Data: Cell, Field and Ensemble. Arrays created for each type are stored in 
subgroups. For example with Voxel based data the following HDF5 group organization is used: 

• VoxeiDataContainer ( _Group_ ) 
DIMENSIONS ( _Dataset_ ) 
ORIGIN ( _Dataset_ ) 
SPACING ( _Dataset_ ) 
CELL_DATA (_Group_) 

• Grainlds ( _Dataset_ ) 
• EulerAngles ( _Dataset_ ) 
• rPFColors ( _Dataset_ ) 

FIELD_DATA ( _Group_ ) 
• Phases ( _Dataset_ ) 
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• A'gEulerAngle ( _Data~et _ ) 
ENSPviBLE_DATA ( _Group_ ) 

• CrystaiStructures ( _Dataset_ ) 
• 1\ lateriaiName ( Dataset ) 

In the abo\'\:: example " e ha' e she\\\ n a number of data arra~·s for each group type The user 
should note that the data sets shm\ n in the abc" e exampl e are h~ pothetical and may or ma~ not 
appear in data sets that the user generates 

• Surfacel\1 eshDataContainer ( _Group 
Faces ( _Dataset_ ) 
Venices ( _Dataset __ ) 
CELL_ DATA ( _ Group _ ) 

ormals ( Dataset 
• Centroids ( _Dataset ) 
• Cur\'ature ( _Dataset_ ) 
• IPFColor ( _Dataset_ ) 

POl. 1T_DATA ( _Group_ ) 
• \'enex ormal ( Data et 

In the abo\'e we sho\\ hov. a surface mesh i~ !'.tored internall y in the native DREAM:lD data file. 
NOTE: DREAI\BD is perfect!~· capable of storing both the' o'el data and the surface mesh 
data in the same tile if the user so desires This all o\\ S all the data to stay together and more 
easily shared among collaborators 
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Appendix 8: H5EBSD Data File Specification 
Intr oduction 

The EBSD Data from multiple vendors is stored in a data file using the HDFS file fonnat library. 
While the general layout of the HDFS file is the same between vendors there are details that are 
NOT the same between vendors because each vendors chooses to save different types of data. 
The top-level datasets that deal with the basic volume infonnation is the same for every file. 

Orientations, Reference Frames and Coordinate Systems 

DREAM3D's origin follows the sample coordinate system so that the physical location of the 0 
row and 0 column voxel shoul d visual ly appear in the lower left comer of a computer graphics 
display. Sample Coordjnate System (White) overlajd with EBSD Coordinate System (Yellow). 

Figure ~1. TSL Coordinate System 

Commercial EBSD acquisition systems do not typically follow thjs convention and DREAM3D 
needs input from the user so that the proper transfonnations to the data can be applied during the 
Reconstruction and other analysis. Commercial EBSD software packages allow for some initial 
transfonnations of the data in which case the DREAM3Denvironment does not have any way of 
detennining if those transfonnations have already occurred. During the import process the user 
is asked a few questions regardi ng the orientation of their EBSD data in relation to the sample 
coordinate system. Currentl y there are 3 items that must be answered otherwise undefined 
behavior may occur during any of the analysis algorithms. 

• Some Commercial EBSD acquisitions stems allow for a scan rota tion, which rotates 
the sample coordinate system, 180 degrees around the Z-axis 

• Should we rotate the Euler angles to bring them in line with the sample reference frame? 
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HDF5 File Layout 

Table B-1. HSEBSD Root Node Specification 

11 ' 1 1,,,1 '-l'uillc.l!l.'ll 

Root Level D:uascts and Group 
Anribute Name .. File Version·· 
Current Value=··4·· 

Name HDF5 Type Value 

Index H5T_NATIVE_INT3 2 List of all Slice index values 

EulcrTransfom1ationAnglc H5T_NATIVE_ FLOAT 

EulerTransfom1ationAngle H5T _NA TIVE_FLOAT 

The Manufacturer 
Manufacturer H5T_STRING currently is either TSL or 

HKL 

Max X Points H5T _NATIVE_INT64 
The ma.ximum number of X 
points in the sample grid 

Max Y Points H5T_NATIVE_INT64 
The maximum number of Y 
points in the sample grid 

SampleTransformationAngle H5T_NATIVE_FLOAT 

Sample T ransformationAngle H5T_NATIV E_FLOAT 

Defines "hich slice 
corresponds to the Z=() in 
the coordmate system. 

Stackmg Order H5T_NATIVE_UINT32 
Optional Attribute of type 
H5T _STRJNG, with Name 
.. Name .. and Value ("'Lo" 
To Hlgh ·· or .. High To 
Lo\\ '') 

X Resolution H5T_NATIV E_FLOAT 
Resolution bet\' een sample 
pomts in the X direction 

Y Resolution H5T_NATIVE_ FLOAT Resolution bet\' een sample 
pomts in theY direction 

Z Resolution HST _NATIVE_FLOAT 
Resolution between slices in 
the Z Oi recti on 

ZEndlndex H5T _NATIVE _INT64 Starting Slice index 

ZStartlndex H5T_NATIVE_£NT64 Ending Slice index 
(tnclusi, e) 

Slice Data organized by Slice index 
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Slice Group Specification 

Each Slice is grouped into its own HSG_ GROUP with the Name of the group simply the index 
of the slice. Within each slice group are 2 more groups with names Data and Header. 

Table B-2. Slice Group Specification 

'..I 'llc 111>1 ~ h l'' ' 1111 

Data H5G_GROUP Contains all the data columns 

Header H5G_GROUP Contai ns all the header cntncs 

TSL Specification 

This section details the data to be imported from a .ang file into the .h5ebsd file. 

Table B-3. TSL Data Group Specification 

'..11'1, II I> I ' I '' \ ,ilil-. 

Phil HST _NA TTVE_FLOAT Contains al l the Ph i I data in a I D Array with 
length equal to the total number of points. 

Phi HST _NA TIVE_FLOAT Con tams alI the Phi data in a I D Array with 
length equal to the total number of points. 

Phi2 HST_NATIVE_FLOAT Contains all the Phi2 data in a I D Array '' ith 
length equal to the total number of potnts. 

Contains all the X position data in a I D Array 
X PosltJOn H5T NATIVE FLOAT with length equal to the total number of - -

pomts. 

Contains all the Y posi tion data in a I D Arra~ 
Y Position HST _NA TIVE_FLOAT with length equal to the total number of 

pomts. 

Contains all the Image Quality data in a I D 
Image Quali~ HST _NA TIV£ _FLOAT Array with length equal to the total number of 

pomts . 

Conuins all the Confidence Index data in a 
Confidence Index HST _NA TIVE_FLOAT I D Array with length equal to the total 

number of points 

Contains al l the Phase Data data in a I D Array 
Phase Data H5T_NATIVE_TNT32 with length equal to the total number of 

pomts 

Contains all the SEM Signal data in a I D 
SEM Signal HST _NATIVE_ FLOAT Array with length equal to the total number of 

points. 

Contains all the Fit of Solution data in a I D 
Fit HST NATI VE FLOAT Array with length equal to the total number of - -

points. 
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Table 8-4. TSL Header Group Specification 

'..t.llc 111>1 ~ I . . \ .J! Ill 

Original f ile H5T_STRING Path to the .ang file that was imported 

Original Header H5T STRING 
Contains the original header from the imported 
.ctf file 

TEM_PlXpcrUM H5T _NA TrVE _FLOAT 
Contains value for the header entry 
TEM_PlXpcrUM 

x-star H5T NAT IVE FLOAT Contains value for the header entry x-star - -
y-star H5T_NAT lVE_FLOAT Conta.ans value for the header entry y-star 

z-star H5T NAT IVE FLOAT Contains value for the header entry z-star - -

WorkingDistancc H5T_NATlVE_FLOAT 
Contains \alue for the heade r entry 
Work1ngDistance 

ElasticConstants H5T_STIUNG Contai ns value for the header entry 
ElastieConstants 

GRID H5T_STRJNG Conta.ans \ alue for the heade r entry GRJD 

X STEP H5T_NATIVE_FLOAT Conta.ans \ alue for the header entry X STEP 

YSTEP H5T NATJVE FLOAT Contains \alue for the header entry YSTEP - -

NCOLS_ODD H5T NAT IVE INT32 Contains value for the header entry 
- - NCOLS_ODD 

NCOLS_EVEN H5T NATIVE fNT3 2 Contains value for the header entry 
- - NCOLS_EVEN 

NROWS H5T_NATlVE_fNT32 Contains value for the header entry NROWS 

OPERAT OR H5T_STRJNG Contains value for the header entry 
OPERATOR 

SAMPLEID H5T STRING Contains \alue for the header entry 
SAM PLEID 

SCAN ID H5T STRrNG Contains value for the header entry SCANJD 

Group that contains a subgroup for each phase 
Phases H5G GROUP where the name of each subgroup is simply the 

index of the phase starting at I 
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Table B-5. TSL Phase Group Specification 

'\.tflll 111>1 ' I t'· \ .tllll' 

Categories H5T_NATIVE_JNn2 

Fonnula H5T_STRJNG 

Lnfo H5T STRING 

LaniccConstants H5T _NATIVE_ FLOAT 

LaniccConstants H5T STRING 

NumberFami lies H5T_NATIVE_INT32 

Phase H5T NATIVE INT32 - -

S~mmetry H5T_NATIVE_INT32 

Contains all the HKL Family infonnation 
hklfamilies H5G_GROUP where the number of datascts contained in this 

group is the number ofHKL Families 

Table B-6. TSL HKL Family Group Specification 

""" 11111 ~ 1 ,, , , \ t" l 

{Based on Index of the family} . lfthcrc arc 4 
families then there are 4 data sets " ith names --o··. 
·-r·. ·T and ··r . 

Custom: Sec Belo\\ 

TSL HKL C Structure for Reading Binary HKL Family 

typedef struct 

{ 

int h;@n 

int k @n 

intl;@n 

int s l ;@n 

float diffractionlntensity;@n 

int s2;@n 

} HKLFamily_t; 

HKL Specification 

This section detail s the data to be imponed from a .ctffile into the .h5ebsd file. 
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Table B-7. HKL (.ctf) Data Group Specification 

\,.lilt, Il l 11 - I , p. \ .d \, 

Phase H5T_NATIVE_JNT3 2 

X H5T _NATIVE _FLOAT 

y H5T_NATIVE_FLOAT 

z H5T_NAT IVE_FLOAT Note that th1s ONLY appears in a 
'"3D" .ctf data file 

Bands H5T_NATIVE_JNT32 

Error H5T_NATIVE_INT32 

Euler! H5T _NATIVE_ FLOAT 
Jn 20 files these are in Degree . In 3D 
files these are in Radians 

Euler2 H5T _NA TIVE_FLOA T In 20 files these are in Degrees In 3D 
files these are in Radians 

Euler3 H5T _NA TIVE_FLOAT 
In 20 files these are in Degrees. In 3D 
files these are in Radians 

MAD H5T_NATIVE_FLOAT 

BD H5T_NATIVE_INT32 

BS H5T_NATIVE_INT32 

Grain Index H5T_NATTVE_JNT32 

G rainRandomColourR H5T_NATIVE_UINT8 

GrainRandomColourG H5T_NATIVE_UINT8 

GrainRandomColourB H5T_NATIVE_UINT8 
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Table B-8. HKL (.ctf) Header Group Specification 

'-.unc Ill >I .; h f'l \ .du, 

Original File H5T STRING Path to the .ctf file that was imported 

Original Header H5T_STRJNG 
Contains the original header from the imported .ctf 
file 

Prj H5T_STRING Contains value for the header entry Prj 

Author H5T STRING Contains value for the header entry Author 

Job Mode H5T STRING Contains value for the header entry JobMode 

X Cells H5T NATIVE INT32 Contains value for the header entry X Cells - -
YCells H5T _NA TIVE_INT32 Contains value for the header entry YCclls 

X Step H5T_NATIVE_FLOAT Contains value for the header entry X Step 

YStep H5T_NATIVE_FLOAT Contains value for the header entry YStep 

ZStcp H5T NATIVE FLOAT Contains value for the header entry ZStep - -
ZCells H5T_NATIVE_FLOAT Contains value for the header entry ZCells 

AcqEI H5T_NATIVE_FLOAT Contains value for the header entry AcqE 1 

AcqE2 H5T_NATIVE_FLOAT Contains value for the header entry AcqE2 

AcqE3 H5T_NATIVE_FLOAT Contains value for the header entry AeqE3 

Mag H5T NATIVE INT32 Contains value for the header entry Mag - -
Coverage H5T NATIVE lNT32 Contains value for the header entry Coverage - -
Device H5T_NATIVE_INT32 Contains value for the header entry Device 

KV H5T NATIVE INT32 Contains value for the header entry K V - -
TiltAngle H5T NATIVE FLOAT Contains value for the header entry TiltAngle - -
Til tAxis H5T_NATIVE_FLOAT Contains value for the header entry TiltAxis 

Group that contains a subgroup for each phase 
Phases H5G_GROUP where the name of each subgroup is si mpl ~ the 

index of the phase starting at I 
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Table 8-9. HKL (.ctf) Phase Group Specification 

'\,unc I IDI " I' pc: \ .du. 

Comment HST_STRTNG Contains value for the header entry Comment 

lntemal l HST STRING Contains value for the header entry lntemal l 

lntemal2 H5T STRlNG Contains value for the header entry lnte mal2 

LatticeAngles HST NATIVE FLOAT Contains value for the header entry Lattice Angles 
- - in a l x3 array 

Latt iceDimens10ns HST NATIVE FLOAT Conl.alns value for the header entry Lattice 
- - D1mensions in a l x3 array 

Contains value for the header entry LaueGroup 

LaueGroup H5T_NATI VE_lNT32 plus an HST _STRING Attribute which is the string 
name of the Laue Group for example "Hexagonal -
High 6/mrrun ., 

SpaceGroup H5T_NATIVE_lNT32 Contains value for the header entry SpaceGroup 

Phase Name H5T STRING Contains' aluc for the header entry Phase Name 

Stacking Order Discussion 

The Stacking Order refers to the order in which the z slices are stacked together when they are 
read from the file. The enumerations are also in the EbsdLibConstants.h header file. 

As a further explanation if the ordering is Low To High then the slice with the lowest number is 
positioned at Z=O in 30 Canes ian space. For example if your data set is numbered from 23 to 86 
with file names ofthe form Slice_023.ang and you select "Low To High" then the data inside of 
file Slice_023.ang will be positioned at Z=O during any method that has to deal with the data. 
The opposite of this is if the user were to select to have their data High to Low in which case the 
file with name Slice_086.ang will be positioned at Z=O and the file with name .. Siice_023.ang" 
will be positioned at Z=64. 
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APPENDIX C: ST..\TSGE:\ER:\TOR APPLICATION 
In order to allm~ the user to quickly generate a set of stati stics that can be used to create a 
s~ntheti c microstructure the ·· StatsGenerator .. program \vas created L'sing thi s program the user 
can generate the necessary statistics that describe a microstructure and sa\'e those statisti cs to a 
DREAM~D file that can then be used in a DREA I\13() pipeline to generate a s~·ntheti c 
microstructure 

The main features are 

• Describe th e grain siLe di stribution ' ia a simple Gaussian distrib uti on 
• Select from se,·eral preset mi crostructure t~ pes 
• Deline the Omega 3 Distribution. 
• Define the Shape distributions 
• Detine the ·eighbor distribution 
• Define a Crystall ographic Texture through ODF parameters 
• Deline the 1DF through 'arious parameters 
• Deline the Axis ODF for the grains 
• Add as man y phases as the user needs 
• Define each phase according to sc,·eral presets 

Pri marv 
Prec ipitate 
Transformation 
Matri ' 
8oundary 

Sizr Distribution Tab 

Mu: Thi s is the a,·erage value of th e logntmnal grain size dis tribu tion 

Sigma: This is the standard de' iation of the lognorm al grain size distribution 

Sigma C ut OfT \'alul': This allo\\s the user to tnmcate the distribution to remo,·e very large 
gra111 

Bin Stl'p Siu: This is the size ofhin to u e in segregating the grains into size clas c for 
correlating other stati stics to grain siLe \Jote that the Bins to he Created is displa:.:ed in the 
bottom I eft comer 

Prl'Sl't Statistic \'lodl'ls: This a li n" s the user to select a mmpho/of.!icctl-t.IJh' of microstructure 
to populate the defaul t data 

De-fault th is populates the stati stic tahs \'vi th generic random da ta tha t may not crea te a 
buildable microstnJcture This option should onl y be used if the user is going to enter th e ,·alues 
on all the statisti cs tabs themsel \'eS 

EquiaHd thi s populate~ the sta t i~tic tab:-." ith data that is designed to generate a random 
equiaxed microstructure 
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Figure C-1. StatsGenerator Main Window 

Rolled · this populates the statistic tabs with data that is designed to generate a rolled 
microstructure with elongated grains with user defined aspect ratios. 

Aspect Ratio I this is the aspect ratio between the dimensions of the grains in the rolling 
di rection and transverse direction. respectively 

Aspect Ratio 2: this is the aspect ratio between the dimensions of the grains in the rolling 
direction and normal direction. respective( This value must be larger than Aspect Ratio 1 or 
the default values will be wrong 

Phase Properties: This is the area where the user can enter information about the phase for 
which statisti cs are currentl y being generated. The Plus Button allows the user to add a phase, 
the Minus Button allows the user to remove a phase and the Wheel Button allows the user to edit 
the currently selected phase. 

Select Crysta l Structure: this allows the user to specify the crystal structure of the phase. 
Currently, the two options are Cubic and Hexagonal 

Fraction this is the volume fraction of the phase The Calculated Phase Fraction is updated as 
more phases are added. by scaling the current total of all the phases fraction to 1 (in case the 
user's total is not equal to 1 when fini hed). 
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Select Phase Type: this specifies the type of the phase Currently, the two types of phase are 
Primary and Precipitate Note that there must be at least one Primary phase before any 
Precipitate phase can be created or the Synthetic Builder will fail. 

Fraction of Precipitate on Boundary. if the phase type is set to Precipitate, then the user must 
specify the number fract ion of the precipitates that are located on grain boundaries of the primary 
phase. This value will be scaled to I if the user's value is larger than l The value is keyed to -I 
for Primary phases. 

Se~ct CrystAl Structure ; ~uvonal : ) 

Fraction 

Calcul;ated Phase Fraction 0.0 

Se~ct Ptl;a" Type _Pnm __ arv_:...._ _ _ ___ "§_.: 

Fr;actton of PrtCip.c;att on !oundary 

Cancel ( OK } 

Figure C-2. Phase Properties 

Create Data: This locks in the values the user has entered and populate the other tabs with 
default values. The user can move through the other tabs and change any default values if 
desired . 

OmegaJ Tab 

Bin this column is calculated from the size distribution and cannot be changed. 

Alpha. this is the alpha parameter of a Beta distribution Omega 3 is normal ized and can only 
be between 0 and I , so the Beta distribution is a good fit 

Beta: this is the beta parameter of the Beta distribution 

Color this allow the user to change colors of the curves for image creation or easier 
identification during stats generation 

Shape Distribution Tab 

Bin this column is calculated from the size distribution and cannot be changed 

Alpha: this is the alpha parameter of a Beta distribution. B/A, CIA and C/B are normalized and 
can only be between 0 and l , so the Beta distribution is a good fit. 

Beta: this is the beta parameter of the Beta di tribution 

Color this allows the user to change colors of the curves for image creatton or easier 
identification during stats generation 
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!'lt>ighbor Distribution Tab 

• Bin this column is calculated from the size distribution and cannot be changed 
• :\lpha this is the alpha parameter of a PO\\ er La\\ di stri bution 

this is the exponent of a Pl1\\er La\\ Distribution 
• Bt>ta this is th e beta parameter of a Pcmer Lav. distribution 
• Color this allows the user to change colors of the CUJYes for image creation or easier 

identitic11tion during stats generation 

ODF Tab 

Weights a nd Sprt>ads Sub-Tab 

• £uler 1-3: these are the Euler angles that define an orientation that the user would like to 
increase in weight 

• Weight: this is the ,,·eight in 1RD (mulliples of random) 
• Sigma: this is the spread to use in blurring out the orientation chosen The value 

corresponds to the number of bins in Rodrigues (orientation) space it takes for the MRO 
,·alue entered in the Weight column to reduce to 0 0 (decreasing quadraticall~· from the 
bin of the entered orientati on) 

• Calculatt> ODF: this builds the ODF and then create~ pole figure (PFs) for the u er to 
inspect 

Polt> Figurt> ( PF) Sub-Tabs 

There are three PFs formed for each of the crystal structures that can be chosen (though they are 
of difrerent directions for the dilrerent crystal tructures) 

.\1DF Sub Tab This sub-tab "ill di play the baseline fDF for the genera ted ODF The 
implemented algorithm proceeds by randomly sampling pairs of orientati ons from the ODF and 
calculating the misoricmation (a'\is-angle only) Onl y the angle is plotted in the misorientation 
distribution plot The user canal o 11dd a'\is-angle pairs to increase in weight 

• Anglt>: this is the angle of the misorientation to increase in weight 
• Axis: this is the a-.;i s of the misorientation to increase in "eight If the crystal structure 

being. used for the phase is lle:xag.onal. then this a-.;is is in the 3-i nde-.; . orthogonal 
con,·ention. not the true (hkil) comention 

• Wt>ight: this is the weight in units of 1RD (multiples of random) of the entered 
misorientation 

:\xis ODF Tab 

Wt>ights and Sprt>ads Sub-Tab 

• Eulrr 1-3: these are the Euler 11ngles that define an orientation that the u. er ,.,.ould like to 
increase in ' ' eight 

• Wt>ight : thi ~ is the \\eight in \ 1RD (multiples of random) to be assigned to the 
orientation listed 

• Sigma: this is the spread to usr in blurring out the orientation cho ·en The' alue 
corresponds to the number of bins in Rodrigues (orientation 1 ~pace it t11lo.e~ lor the "-1RD 
'alue entered in the \\'eight column Ill reduce to 0 0 (decreasing quadratically fr<1111 the 
bin of the entered orientation) 
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• Calculate ODF: this builds the ODF and then creates pole figures (PFs) for the user to 
inspect. 

Pole Figure (PF) Sub-Tabs 

There are three pole figures formed, which correspond to the location of the 3 principal axes of 
the grains to be generated (i .e a > b > c). 
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Figure C-3. Omega 3 GUJ 



39 
Approved for public release (PA); distribution unlimited.

........ - CICf -CICf 

llllo\.IOnt 

~~l 
... - - c.. 
I 50172 ............ 
2.14172 S.l l .-7 -2 60172 S2 • JJ)J) ......,._ 
) 14172 s) ..... 

IU ... u ... 
I& 

.... Do 

... - - c.. ..... 
1.50172 Nril- I Ul 
l.l417l S.l 2-7 - ... 
l 50172 S I • Jl))) ......,._ 
) 14a72 S.J .......... 

Fi~ure C-4. Shape Distribution Function GUI 

..._,._ 
w..~ a-..J- ~ CICf ...... CICf 

LDe-Oio<nfl .. - - ~ 

I 50172 2.07944 04 c..ue... 
1.14172 1.J01SI 0-7 --

.... 

~I .... 
1 50172 1 .... 91 0 )Jl)J) ~ 

) 14172 161- OJ ._,., .... { 
) 50172 177U9 01-7 ~.-

414a71 l ltOJ7 01))))) .......... J ... " 
I 

U1 j \ 

... L 1\ 
• ....... 

• ,. • • • .. • 
-fll~t-·-

Figure C-5. Neighbor Distribution Function GUI 



40 
Approved for public release (PA); distribution unlimited.

,_, 

• 
..... 

n -!'SO 

M,l .t . I ,M 

- -ODF 

"' ..... , ______ ,.........,_QDF ..... ,._.. 
......, Ut.r- Folo ~-----lo ___ ....,......,_ __ _ 

ODF-. 

*#.Jii tg.it§!fW wor 

Figure C-6. ODF GUI 



41 
Approved for public release (PA); distribution unlimited.

, . ........., ..... ) 

Pnawyf'MM 

Sin Dlsllibutlon Omefa J Dis-s ~ Distributions Notl9hbo< Olsll'lbuUoou CiiDf Axis OOF 

...... 
lloiiDl 

• X ( L.cwl Ull '"'"' file ) ~ 

u 

11.11 

f u 

UJ 

'I' ' I I I I I I' I I' I I. I i 'If ' I . I'' I' I i I I i 
I W a • • D • ~ ............ ~.., 

Figure C-7. MDF GUI 



42 
Approved for public release (PA); distribution unlimited.

...... 

•• "-·------·----()Of ..... --. La..tu .. f-loio ......,. _____ .,..._. __ ....,._,__.__ 

001-

AAide 8.._ CAllie 

.. .,. .. ....,.,._ 

Figure C-8. Axis ODF G UI 



43 
Approved for public release (PA); distribution unlimited.

LIST OF SYMBOLS, ABBREVIATIONS, AND ACRONYMS 

Acronym 

AFRL 

BSE 

DOD 

DREAM3D 

DTIC 

EAR 
EBSD 

EDS 

FEM 

GUJ 

HPC 

II E 

ICME 

ITK 

!TAR 

MDF 

oor 
OpenCY 

PF 

KIT 

RX 

SEI 

NR 

SSll 

TBB 

USAF 

WPAf8 

Description 

Air Force Research Laboratory 

BackScatter Electron Image 

Department of Defense 

Digital Representation Environment for Analysis of Microstructure 

Defense Technical In formation Center 

Export Administration Regulation 

Electron Back catter Di ffracti on 

Energy Dispersive X-ray Diffraction 

Finite Element Methods 

Graphical User lnterface 

High Performance Computing 

Ion Induced Secondary Electron 

Integrated Computational Materials Science 

Image Processing Toolki t 

International Traffic in rms Regulation 

Misorientation Distribution Function 

Orientation Distribution Function 

Open Computer Vision 

Pole f-igure 

Rich Text Format 

Materials and Manufacturing Directorate 

Secondary Electron Image 

Signal to Noise Ratio 

ecure hell 

Thread Building Blocks 

United tates Air Force 

Wright-Patterson Air Force Base 




